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ABSTRACT 



Methods, modems and computer program products for 
detecting whether a remote modem is of a particular design 
type and for adjusting the communication configuration for 
a communication session based on a type of the remote 
modem. The modem type is recognized based on a knowl- 
edge that the modem design of certain manufacturers has a 
unique associated data pattern contained within the startup 
communication sequence which is not specified by the 
protocol but which can be demodulated and detected to 
thereby recognize that the remote modem is a particular 
manufacturer's design type. Based on knowledge of the 
characteristics of the remote modem design, various steps 
are taken which may improve performance of the commu- 
nication connection in light of the particular modem 
design's characteristics. For example, a different Total Har- 
monic Distortion (THD) threshold may be used for falling 
back to V.34 communications when the remote modem 
design only supports up to 2 look ahead for spectrum 
shaping. 

39 Claims, 5 Drawing Sheets 
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METHODS, MODEMS AND COMPUTER 
PROGRAM PRODUCTS FOR 
IDENTIFICATION OF A MODEM TYPE AND 
ADJUSTMENT OF A COMMUNICATION 
CONFIGURATION BASED ON MODEM 
TYPE 



FIELD OF THE INVENTION 

The present invention relates generally to the field of 
modems, and, more particularly, to modem startup proto- 
cols. 

BACKGROUND OF THE INVENTION 

The demand for remote access to information sources and 
data retrieval, as evidenced by the success of services such 
as the World Wide Web, is a driving force for high-speed 
network access technologies. Today's telephone network 
offers standard voice services over a 4 kHz bandwidth. 
Traditional analog modem standards generally assume that 
both ends of a modem communication session have an 
analog connection to the public switched telephone network 
(PSTN). Because data signals are typically converted from 
digital to analog when transmitted towards the PSTN and 
then from analog to digital when received from the PSTN, 
data rates may be limited to 33.6 kbps as defined in the V.34 
transmission recommendation developed by the Interna- 
tional Telecommunications Union (ITU). 

The need for an analog modem can be eliminated, 
however, by using the basic rate interface (BRI) of the 
Integrated Services Digital Network (ISDN). A BRI offers 
end-to-end digital connectivity at an aggregate data rate of 
160 kbps, which is comprised of two 64 kbps B channels, a 
16 kbps D channel, and a separate maintenance channel 
ISDN offers comfortable data rates for Internet access, 
telecommuting, remote education services, and some forms 
of video conferencing. ISDN deployment, however, has 
been very slow due to the substantial investment required of 
network providers for new equipment. Because ISDN is not 
very pervasive in the PSTN, the network providers have 
typically tarriffed ISDN services at relatively high rates, 
which may be ultimately passed on to the ISDN subscribers. 
In addition to the high service costs, subscribers must 
generally purchase or lease network termination equipment 
to access the ISDN. 

While most subscribers do not enjoy end-to-end digital 
connectivity through the PSTN, the PSTN is nevertheless 
mostly digital. Typically, the only analog portion of the 
PSTN is the phone line or local loop that connects a 
subscriber or client modem (e.g, an individual subscriber in 
a home, office, or hotel) to the telephone company's central 
office (CO). In recent years, local telephone companies have 
been replacing portions of their original analog networks 
with digital switching equipment. Nevertheless, the connec- 
tion between the home and the CO has been the slowest to 
change to digital as discussed in the foregoing with respect 
to ISDN BRI service. A recent data transmission recommen- 
dation issued by the ITU, known as V.90, takes advantage of 
the digital conversions that have been made in the PSTN. By 
viewing the PSTN as a digital network, V.90 technology is 
able to accelerate data downstream from the Internet or other 
information source to a subscriber's computer at data rates 
of up to 56 kbps, even when the subscriber is connected to 
the PSTN via an analog local loop. 

To understand how the V90 recommendation achieves 
this higher data rate, it may be helpful to briefly review the 
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operation of V.34 analog modems. V.34 modems are opti- 
mized for the situation where both ends of a communication 
session are connected to the PSTN by analog lines. Even 
though most of the PSTN is digital, V34 modems treat the 
network as if it were entirely analog. Moreover, the V.34 
recommendation assumes that both ends of the communi- 
cation session suffer impairment due to quantization noise 
introduced by analog-to -digital converters. That is, the ana- 
log signals transmitted from the V.34 modems are sampled 
at 8000 times per second by a codec upon reaching the 
PSTN with each sample being represented or quantized by 
an eight-bit pulse code modulation (PCM) codeword. The 
codec uses 256, non-uniformly spaced, PCM quantization 
levels defined according to either the //-law or A-law com- 
panding standard (ie., the ITU G.711 Recommendation). 

Because the analog waveforms are continuous and the 
binary PCM codewords are discrete, the digits that are sent 
across the PSTN can only approximate the original analog 
waveform. The difference between the original analog wave- 
form and the reconstructed quantized waveform is called 
quantization noise, which limits the modem data rate. 

While quantization noise may limit a V.34 communication 
session to 33.6 kbps, it nevertheless affects only analog-to- 
digital conversions. The V.90 standard relies on the lack of 
analog-to-digital conversions outside of the conversion 
made at the subscriber's modem to enable transmission at 56 
kbps. 

The general environment for which the V.90 standard was 
developed is depicted in FIG. 1. An Internet Service Pro- 
vider (ISP) 22 is connected to a subscriber's computer 24 via 
a V90 digital server modem 26, through the PSTN 28 via 
digital trunks (e.g., Tl, El, or ISDN Primary Rate Interface 
(PRI) connections), through a central office switch 32, and 
finally through an analog loop to the client's modem 34. The 
central office switch 32 is drawn outside of the PSTN 28 to 
better illustrate the connection of the subscriber's computer 
24 and modem 34 into the PSTN 28. It should be understood 
that the central office 32 is, in fact, a part of the PSTN 28. 
The operation of a communication session between the 
subscriber 24 and an ISP 22 is best described with reference 
to the more detailed block diagram of FIG. 2. 

Transmission from the server modem 26 to the client 
modem 34 will be described first. The information to be 
transmitted is first encoded using only the 256 PCM code- 
words used by the digital switching and transmission equip- 
ment in the PSTN 28. These PCM codewords are transmit- 
ted towards the PSTN 28 by the PCM transmitter 36 where 
they are received by a network codec. The PCM data is then 
transmitted through the PSTN 28 until reaching the central 
office 32 to which the client modem 34 is connected. Before 
transmitting the PCM data to the client modem 34, the data 
is converted its current form as either /i-law or A-law 
companded PCM codewords to pulse amplitude modulated 
(PAM) voltages by the codec expander (digital-to-analog 
(D/A) converter) 38. 

These PAM voltage levels are processed by a central 
office hybrid 42 where the unidirectional signal received 
from the codec expander 38 is transmitted towards the client 
modem 34 as part of a bidirectional signal. A second hybrid 
44 at the subscriber's analog telephone connection converts 
the bidirectional signal back into a pair of unidirectional 
signals. Finally, the analog signal from the hybrid 44 is 
converted into digital PAM samples by an analog-to-digital 
(A/D) converter 46, which are received and decoded by the 
PAM receiver 48. Note that for transmission to succeed 
effectively at 56kbps, there must be only a single digital- 
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to-analog conversion and subsequent analog-to-digital con- ing Over a Channel with Intersymbol Interference," Digital 

version between the server modem 26 and the client modem Communications, McGraw-Hill Book Company, 1983, pp. 

34. Recall that analog-to-digital conversions in the PSTN 28 373, 381, provide general background information on digital 

can introduce quantization noise, which may limit the data communication systems. 

rate as discussed previously. The A/D converter 46 at the 5 WMle ^ V9Q sUndard (recommendation)) like v .34, 

client modem 34. however, may have a higher resolution _, £ . - A „ , ' c 

than the A/D converters used in the analog portion of the d f n f ymo y* re£ * uir f ments aUowing ™ dems f ™ m a va "" 

PSTN 28 (e.g., 16 bits versus 8 bits), which results in less et y° f manufacturers to communicate, there is stdl vanabil- 

quantization noise. Moreover, the PAM receiver 48 needs to ^ bet ^ een dlffe ? Dt modem desi ^ s L ™ P r0Vlded b y dlffer " 

be in synchronization with the 8 kHz network clock to in ent modem manufacturers. Some of the vanaUons in modem 

properly decode the digital PAM samples. 10 design are specifically provided for by the V 90 standard. For 

Transmission from the client modem 34 to the server *T P n ,° ^ ^ 

modem 26 follows the V.34 data transmission standard. That ^ das fia f ^""ffTS ^^T] 1 oT~ 

is, the client modem 34 includes a V.34 transmitter 52 and ^ ties 45 d * SC H nbed 10 Table 7 ° fthe V9 ° st f ndard ' ° ther 

a D/Aconverter 54 that encode and modulate the digital data 15 d ^™^ between modem designs exist beyond those 

to be sent using techniques such as quadrature amplitude 15 ^ ^ ^ standard u ^ differences can impact the 

modulation (QAM). The hybrid 44 converts the unidirec- data rate which ma J be t | * tained ^ he ° modems °^rent 

tional signal from the digital-to-analog converter 54 into a ^ a '? ~«™c^ du ™g the startup procedures and 

bidirectional signal that is transmitted to the central office d ^§ the subsequent communication session. The impact 

32. Once the signal is received at the central office 32, the 20 of * ese d ™™*™ ? 2 ^° V "2f Up ™ 

central office hybrid 42 converts the bidirectional signal into 2 ° made the V90 star ^ P roced *res. However, the V90 

a unidirectional signal that is provided to the central office P^ oco1 doe ? not a"?™ 0 ? 1 f ° r co ^nication 

codec. This unidirectional, analog signal is converted into of the manufac mrer £f *> ^ ^ ° f * m u dCm ^T 8 

either /i-law or A-law companded PCM codewords by the StartU P P rocedur ^* ^ 11 15 *iom m other arts, for 

codec compressor (A/D converter) 56, which are then trans- 2S f amp1 *! with cable mourns, to provide a unique identifier 

mined through the PSTO 28 until reaching the server for a cable modem, to identifier is tymcally associated wi^ 

modem 26. The server modem 26 includes a conventional a partlCular Cable mod ™ U ° U n ° T l a *™f*}™ e ° f a Cable 

V.34 receiver 58 for demodulating and decoding the data In addltl0n ' U S " Pat " No. 5,317,594 proposed a 

sent by the V.34 transmitter 52 in the client modem 34. Thus, modification to a startup protocol to include transmission of 

data is transferred from the client modem 34 to the server „ a P^termmed signal to aUow modems conforming with 

modem 26 at data rates of up to 33.6 kbps as provided for the Vfast standard to recognize that they are communicating 

in the V34 standard another modem conforming to the V.fast standard. 

rp« \t nn i j j i rc * j j . . , However, this is not an identification of a design type of a 

Ine V.90 standard only offers increased data rates (e.g., „ A . t . c ^ j . i ™ 

, . , * c/c i k \ +u a * j- V modem but rather specifies a supported protocol. U.S. Pat. 

data rates up to 56 kbps) m the downstream direction from NT con cno a • i • * i i i -j . >n 

A , r ' TT No. 5,311,578 proposed inclusion of a low level identifica- 

a server to a subscriber or client. Upstream communication ^ „ • . , ^„ Tr ™ 

+ 11 . , . 4 . | . -j j r • tloa signal as a tone hidden within a CCITT V.25 answer 

still takes place at conventional data rates as provided for in f a ♦ J\n™ ~* * a a u a u i * ^ 

,i t r « i ^ i j » y iL . it . ^ . . tone to allow use oi a non-standard handshaking procedure, 

the V.34 standard. Nevertheless, this asymmetry is particu- „ *u- . „• n * , 4 , « j 

, , 1* ** j r t * * f i u However, this typically requires both the call and answer 

larly well suited for Internet access. For example, when mrt ^^ * n u« ♦ . «■* j • *u a *■ 

' ■ „u t * . ■ • ■ . j . , it _ . , , modem to be configured to transmit and receive the ldenti- 

accessing the Internet, high bandwidth is most useful when r i *u * * 

j i j* i ♦ ; *j i , ■ . ncation signal tone, for example, with a tone detector, 

downloading large text, video, and audio files to a subscnb- 40 . . . . 

er's computer. Using V.90, these data transfers can be made Accordingly, variations in design type of modems on any 

at up to 56 kbps. On the other hand, traffic flow from the § iven communication session may still result in a less than 

subscriber to an ISP consists of mainly keystroke and mouse optimal connection being established during startup, 

commands, which are readily handled by the conventional Accordingly, there exists a need for improvements in 

rates provided by the V.34 standard. 45 modem technology to allow modems, particularly modems 

Hie V.90 standard, therefore, provides a framework for su , ch as Y9 ° modems ' to achieve more cIosel y meir theo " 

transmitting data at rates up to 56 kbps provided the network retlCal majamum data rate - 

is capable of supporting the higher rates. The most notable SUMMARY OF THE INVENTION 
requirement is that there can be at most one digital-to- analog 

conversion and no analog-to-digital conversion in the down- so ^ is an object of the present invention to provide modems 

stream path within the network. Nevertheless, other digital which may be able to identify the type of a connected 

impairments, such as robbed bit signaling (RBS) and digital modem during startup procedures. 

mapping through PADs which results in attenuated signals, It is a further object of the present invention to provide 

can also inhibit transmission at V.90 rates. Communication modems which may utilize knowledge of the type of a 

channels exhibiting non-linear frequency response charac- 55 connected modem to improve or optimize the configuration 

teristics are yet another impediment to transmission at the of a communication connection. 

V.90 rates. Moreover, these other factors may limit conven- These and other objects, advantages, and features of the 

tional V90 performance to less than the 56 kbps theoretical present invention are provided by methods, systems and 

data rate. computer program products for detecting whether a remote 

Articles such as Humblet et al., "The Information 60 modem is of a particular design type and methods, systems 

Driveway," IEEE Communications Magazine, December and computer program products for adjusting the commu- 

1996, pp. 64-68, Kalet et al, "The Capacity of PCM nication configuration for a communication session based on 

Voiceband Channels," IEEE International Conference on a type of the remote modem. The modem type is recognized 

Communications '93, May 23-26, 1993, Geneva, based on a knowledge that the modem design of certain 

Switzerland, pp. 507-511, Fischer et al., "Signal Mapping 65 manufacturers has a unique associated data pattern con- 

for PCM Modems," V-pcm Rapporteur Meeting, Sunriver, tained within the startup communication sequence which is 

Oreg., USA, Sep. 4-12, 1997, and Proakis, "Digital Signal- not specified by the protocol but which can be demodulated 
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and detected to thereby recognize that the remote modem is Constellation points in a further embodiment are excluded 

a particular manufacturer's design type. Based on knowl- by setting learned levels associated with the excluded 

edge of the characteristics of the remote modem design, selected constellation points to about zero (and preferably 

various steps are taken which may improve performance of zer o) in a learned DIL sequence. In another embodiment, the 

the communication connection in light of the particular 5 specified symbol rate is 3429 and a larger adaptation step 

modem design's characteristics. For example, a different size ^ selected if the curve fitting error is below a prede- 

Total Harmonic Distortion (THD) threshold may be used for termined threshold criterion. 

falling back to V.34 communications when the remote . .„ , . t , , 4 , „ , .„ . . _ 

_ , ° , • . tn 0 . . , u a e As will further be appreciated by those of skill m the art, 

modem design only supports up to 2 bit look ahead for , ., , , r . c L 1 

soectrum shanine while described above primarily with reference to method 

t il j ■ c l • • L ^ . 10 aspects, the present invention may be embodied as methods, 

In one embodiment of the present invention, a method is ,I, r ,, llc u,ct amt . ^aj^ ™ ™™ ^ 

., , c , 4 A . Al1 j , apparatus/systems and/or computer program products, 
provided for detecting at a local modem whether a remote 

modem is a first type of modem, the first type of modem BRIEF DESCRIPTION OF THE DRAWINGS 
having a unique associated modem type data. A received 

signal from the remote modem is demodulated to provide 15 °| ner features of the present invention will be more 

data associated with the received signal. The data associated readily understood from the following detailed description 

with the received signal is then compared with the unique °{ specific embodiments thereof when read in conjunction 

associated modem type data to determine whether the witn the accompanying drawings, in which: 

remote modem is a first type of modem. In a particular FIG. 1 is a block diagram illustrating a typical V.90 

embodiment, the local modem and the remote modem are at 2 o connection between a subscriber and an ISP in accordance 

least one of a V.34 or a V.90 modem and the received signal with the prior art; 

is a phase 2 startup signal. More particularly, the received FIG. 2 is a detailed block diagram of the internal archi- 

signal may be a fill bit field of INF0 2 and the number of fill tecture and connections between the client modem, the 

bits associated with the fill bit field may be provided as the central office, and the server modem of FIG. 1; 

data associated with the received signal. The remote modem 25 piG. 3 is a block diagram of a modem circuit in accor- 

is determined to be a first type of modem based on the dance with m embodiment of me esetlt iaveil tion; 

number of fill bits associated with the fill bit field. More _ T _ . . . . .„ , 

particularly, the fill bit field in one embodiment precedes a F * G - 4 * a S1 &* sequencing diagram illustrating the 

frame synchronization field of INFO, and the number of fill exchan S e of messages and tones between a call modem and 

bits indicating a first type of modem is thirteen. 30 an ™™ ^TJ^a ^ 1 ^ phaSC 2 °P eratlons 

t c *u * t ^ * • ** j . pursuant to the V.90 standard; and 
In a further aspect of the present invention, a method is 

provided for adjusting a communication configuration for a FIG * 5 15 a flowchart illustrating operations for identifi- 

communication session based on a protocol having an cation of a modem type and adjustment of a communication 

associated set of constellation points with a remote modem configuration based on modem type according to an embodi- 

based on a type of the remote modem. The adjustment may 35 ment of the P resent invention. 

be selected from various design type specific communica- DETAILED DESCRIPTION OF THE 

tion configuration options intended to improve performance PREFERRED EMBODIMENTS 

of the modem for the communication session. The Total 

Harmonic Distortion (THD) threshold for falling back to The present invention will now be described more fully 
V.34 communications may be set based on a type of the 40 hereinafter with reference to the accompanying drawings, in 
remote modem when the remote modem is a type of modem which preferred embodiments of the invention are shown, 
which supports only up to two bit look ahead for spectrum This invention may, however, be embodied in different 
shaping. Selected constellation points of the associated set forms and should not be construed as limited to the embodi- 
of constellation points may be excluded when the remote ments set forth herein. Rather, these embodiments are pro- 
modem is a type of modem which modifies at least one of 45 vid ed so that this disclosure will be thorough and complete, 
the selected constellation points in a manner not specified by and ^ fully convey the scope of the invention to those 
the protocol. The use of longer than normal duration Digital skilled in the art. Like reference numbers signify like 
Impairment Learning (DIL) sequences for high power mode elements throughout the description of the figures, 
may be disabled when the remote modem is a type of As will be appreciated by those skilled in the art, the 
modem which has an associated retrain timer period shorter 50 present invention can be embodied as a method, a digital 
than a timer period specified by the protocol. Finally, an signal processing system, or a computer program product, 
adaptation step size for use in equalizer convergence opera- Accordingly, the present invention can take the form of an 
tions may be selected based on a type of the remote modem entirely hardware embodiment, an entirely software 
when the remote modem is a type of modem which provides (including firmware, resident software, micro-code, etc.) 
a curve fitting error at a specified symbol rate that corre- 55 embodiment, or an embodiment containing both software 
sponds to a length of a local loop supporting the commu- and hardware aspects. Furthermore, the present invention 
nication session. can take the form of a computer program product on a 
More particularly, the protocol in a preferred embodiment computer-usable or computer-readable storage medium hav- 
in V.90 standard protocol. A lower THD threshold may be set ing computer-usable program code means embodied in the 
when the remote modem is a type of modem which only 60 medium for use by or in connection with an instruction 
supports up to 2 bit look ahead for spectrum shaping. The execution system. In the context of this document, a 
elected constellation points may be excluded based on a computer-usable or computer-readable medium can be any 
detected digital pad. In one embodiment, Ucode 86 and means that can contain, store, communicate, propagate, or 
Ucode 102 constellation points are excluded if the detected transport the program for use by or in connection with the 
digital pad is between about 2.7 dB and about 3.5 dB and 65 instruction execution system, apparatus, or device. 
Ucode 95 constellation points are excluded if the detected The computer-usable or computer-readable medium can 
digital pad is between about 6.00 dB and about 6.02 dB. be, for example but not limited to, an electronic, magnetic, 



07/21/2004, EAST Version: 1.4.1 



US 6,757,325 Bl 

7 8 

optical, electromagnetic, infrared, or semiconductor system, of its retrain timers long enough so that if the modem 

apparatus, device, or propagation medium. More specific attempts to request a longer DIL sequence so as to allow the 

examples (a nonexhaustive list) of the computer-readable DIL sequence to include higher power DIL levels from 

medium would include the following: an electrical connec- Ucode 111 to 120 (of the V.34/V.90 standard) for a high 

tion having one or more wires, a portable computer diskette, 5 power mode (such as that required for the support of higher 

a random access memory (RAM), a read-only memory than -12 dBmO maximum digital modem transmit power 

(ROM), an erasable programmable read-only memory limit), a type A modem would typically time out and request 

(EPROM or Flash memory), an optical fiber, and a portable a retrain. The use of high power mode is further described 

compact disc read-only memory (CDROM). Note that the in a commonly assigned patent application Ser. No. 09/430, 

computer-usable or computer- readable medium could even 678 entitled "Modems Having A Dual Power Mode Capa- 

be paper or another suitable medium upon which the pro- bility and Methods of Operating Same". Examples of type A 

gram is printed, as the program can be electronically modems having such a design characteristic include V.90 

captured, via, for instance, optical scanning of the paper or and v -34 modems from Rockwell Corporation, 

other medium, then compiled, interpreted or otherwise pro- A second type of modem design type, referred to herein 

cessed in a suitable manner if necessary, and then stored in as a type B modem, is a modem which supports only up to 

a computer memory. 2 look ahead for spectrum shaping. In other words, modems 

Computer program code for carrying out operations of the which do not support 3 look ahead for spectrum shaping 

present invention is typically written in a high level pro- snaU De referred to herein as a type B modem. The V.90 

gramming language such as C or C++. Nevertheless, some standard provides for support of 0, 1, 2 or 3 of look ahead 

modules or routines may be written in assembly or machine 20 for the shaping of downstream pulse amplitude modulated 

language to optimize speed, memory usage, or layout of the (PAM) signals with only 0 and 1 as mandatory for the server 

software or firmware in memory. Assembly language is modem to implement. 

typically used to implement time-critical code segments. In A third type of modem, referred to herein as a type C 
a preferred embodiment, the present invention uses assem- modem, is characterized by a design in which the modem 
bly language to implement most software programs. It 25 modifies one or more of the communication constellation 
should further be understood that the program code for points using a modification rule that does not follow the V.90 
carrying out operations of the present invention may also standard. More particularly, a type C modem is character- 
execute entirely on a client modem, partly on a client ized in that it excludes some of the constellation points for 
modem, partly on a client modem and partly on a server certain PADs. An example of such a modem would include 
modem, or partly in a client modem, partly in a server 30 the V.90 modem from U.S. Robotics Corporation, 
modem, and partly in the PSTN. A fourth type of modem, referred to herein as a type D 

It has been discovered by the present inventors that modem, is characterized by a design in which the line 

different modem design types provided by various vendors, probing signal is designed so that the curve fitting error at a 

particularly V.34 and V.90 standard modems, often have 3429 symbol rate contains information about the length of 

unique advantages and weaknesses associated with the par- 35 the local loop to which the modem is coupled acting as client 

ticular designs apart from the optional feature capabilities modem under the V.90 standard. More particularly, the curve 

specifically provided for by the industry specifications, such fitting error at the 3429 symbol rate typically gets higher 

as the V.90 standard and the V.34 standard. As used herein with increases in length of the local loop. An example of a 

the term "type" with reference to a modem refers to a modem having this design characteristic is the V.90 modem 

modem design having a specific communication character- 4 q from U.S. Robotics Corporation. As is evident from the 

istic (as will be more fully described herein with reference description herein, it is to be understood that a particular 

to types A, B, C and D or to a brand type from a particular manufacturer's modem design may fall within none, one or 

vendor (manufacturer). However, it is to be understood that more of the types of modems as described herein, 

the brand type designation extends not only to the modems Finally, in the context of the modem type detection 

sold by a particular vendor under that vendor's brand name 45 aspects of the present invention, the inventors have discov- 

but also to modems from other vendors which may carry a ered that a particular (first) type of modem has a unique 

different brand association but which have the same design associated fill bit pattern which it transmits when operating 

characteristics as those of the original vendor. pursuant to the V.90 standard. More particularly, this first 

Deviations in particular modem types from industry stan- type of modem sends 13 fill bits preceding the INFOj frame 
dards may cause problems in establishing a desirable com- 50 synchronization field instead of sending only 4 fill bits as 
munication session when the call and answer modem are not specified in the V.90 standard at Tables 9 and 10. Example 
aware of the design type differences between the respective of such a first type modem include the V.90 and V.34 
modems. If the modem design type is known, special modems from Rockwell Corporation, 
measures may be taken to provide improved reliability and The present invention will now be further described with 
robustness for communication sessions supported by various 55 reference to the block diagram illustration of an embodiment 
different modem types. Accordingly, the present invention, of systems for detection of a remote modem and for adjust- 
as will be described further herein, provides for identifica- ing a communication configuration for a communication 
tion of particular modem types as well as appropriate session based on a type of the remote modem of FIG. 3. As 
adaptations to a communication configuration for a commu- shown in the embodiment of FIG. 3, the modem circuit 290 
nication session where the design type of a remote modem 60 includes the receiver 300 which receives a signal input, such 
is known, as over a public switched telephone network (PSTN) and 

In particular, the present inventors have identified unique outputs a received signal 302. The received signal 302 is 

design characteristics of four different types for which provided to the demodulator 305 which demodulates the 

communication characteristics of a modem may be modified received signal to provide data 310 associated with the 

to improve the likelihood of providing a reliable and robust 65 received signal 302. 

connection. The first type, referred to herein as a type A The data 310 is provided by the demodulator 305 to the 

modem, is characterized by a design which does not set one comparator circuit 325 which, in the illustrated embodiment 
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of FIG. 3, is implemented within the digital signal processor the respective call and answer modems. The contents of the 

(DSP) (or other type controller) 320. The comparator circuit INFO, signal for the call and receive modems are specified 

325 provides a means for comparing the data associated with in Tables 9 and 10 of the V.90 standard. A preferred 

the received signal 302 with unique associated modem type embodiment of the present invention utilizes the fill bits 

data to determine whether the remote modem communicat- 5 preceding the frame synchronization field to identify a first 

ing the received signal 302 is the first type or brand of type of modem. As shown in Table 10 of the V.90 standard, 

modem. More particularly, as described above with refer- the frame synchronization field is from bit positions 4 

ence to the first type of modem having 13 fill bits, the through 11 and is preceded by fill bits in bit positions 0 

comparator circuit 325 counts the number of fill bits pre- through 3. In contrast, for modems of the first type, such as 

ceding the INFO^ frame synchronization field to determine V.34 and V.90 modems from Rockwell Corporation, 13 fill 

if 13 rather than 4 fill bits are present. If the comparator bits are found in the INF0 lrf signal received by the answer 

circuit 325 detects the existence of 13 fill bits preceding the (analog) modem. 

frame synchronization field of the INFOj signal, the modem Operations according to an embodiment of the present 

circuit 290 declares that the remote communicating V.90 invention will now be described with reference to the flow 

modem, is a first type modem. 15 chart illustration of FIG. 5. As shown in FIG. 5, operations 

As described above, in the case of the exemplary Rock- begin at block 500 when a received signal from a remote 

well Corporation V.90 and V34 modems, recognition of the modem is demodulated to provide data associated with the 

13 fill bits in the received signal further allows the modem received signal. A design type of the remote modem is then 

circuit 290 to identify the remote or (server) modem as a determined by comparing the data associated with the 

type B modem (which supports only one or two look ahead 20 received signal with the unique associated modem type data 

for spectrum shaping) and further as a type A modem (which to determine whether the remote modem is a first type of 

does not set one of its retrain timers long enough to support modem (block 505). Note that, as used herein, the term 

a longer DIL sequence without timing out and requesting a "unique" refers to a data pattern which is characteristic of a 

retrain). It follows that the modem circuit 290 is further able modem type (herein a brand association of type) but which 

to determine that the remote modem having transmitted 13 25 is distinct from the various support characteristics specifi- 

fill bits is not a type C modem or a type D modem. The cally provided for by the protocol in use between the 

modem type information from the comparator circuit 325 is receiving modem and the remote modem. Accordingly, 

provided to the communication configuration control circuit operations at blocks 500 and 505 provide a method for 

330 which provides a means for adjusting the communica- detecting at a local modem whether a remote modem is a 

tion configuration for a communication session with the 30 first type of modem where the first type of modem has a 

remote modem based on the type of modem. unique associated modem type data. 

As shown in the embodiment of FIG. 3 where the com- Further operations related to adjusting a communication 

parator circuit 325 and the communication configuration configuration for a communication session with a remote 

control circuit 330 are contained within the DSP 320, it is to modem based on a type of the remote modem will now be 

be understood that the various components illustrated as 35 described. With respect to this aspect of the present 

separate blocks within FIG. 3 may be implemented in invention, it is to be understood that the operations related 

hardware, in software, in custom designed chips or in a to determining a modem type as described for block 505 

combination of the above. More particularly, the comparator above may be utilized. Alternatively, operations at block 505 

circuit 325 and the communication configuration control for determining a modem type may be based on other 

circuit 330 may be implemented as code executing on a 40 approaches known to those of skill in the art including 

controller device such as the DSP 320. Similarly, the having a table stored in a memory of the local modem which 

receiver 300 and the demodulator 305 may be combined and associates various server modems accessed by the local 

may be implemented in hardware, software or a combination modem with the design type of such modems. This infor- 

of the above. mation may be developed by the local user over time or may 

The modem type determination aspects of the present 45 be provided by the manufacturer or vender of the local 

invention will now be further explained with reference to modem with the modem. In any event, operations begin at 

FIG. 4 which illustrates tone and message transmissions for block 510 with the local modem having knowledge of the 

a call modem and answer modem pursuant to the first two modem type of the remote modem, 

phases of a start up protocol. In the illustration of FIG. 4, the If the remote modem is a type A modem (block 510), use 

client/analog modem acts as the call modem which transmits 50 of a longer than normal duration digital impairment learning 

CI (or CT or CNG) and conditions its receiver to detect the (DIL) sequence for high power mode is disabled as a type A 

answer signal ANSam (or ANS) as per the V8 protocol modem is a type of modem which has an associated retrain 

recommendation. After the signal ANSam is detected, the timer period shorter than a timer period specified by the 

call modem transmits silence for the period T^. The call communication protocol controlling the communication ses- 

modem then conditions its receiver to detect JM and trans- 55 sion (block 515). More particularly, even though a time 

mits the signal CM with the appropriate bit set to indicate duration for a longer DIL sequence may be specified for 

that V.90 operation is desired. When a minimum of two higher power mode which is well within what is allowed 

identical JM sequences have been received, the call modem under the V.90 standard, type A modems will typically 

completes the current CM octet and sends CJ. After sending timeout and request a retrain if such a feature is utilized. 

CJ, the call modem transmits silence for 75 milliseconds 60 Accordingly, at block 515, the local modem forces use of a 

plus or minus 5 milliseconds before proceeding with the normal length DIL sequence even for high power mode 

phase 2 signal procedures. operations. 

As shown in FIG. 4, the phase 2 signals from the call As a consequence, for some of the larger digital PADs, the 

modem begin with transmission of the INF0 0 signal. A tone local modem may not be able to support full power boosts, 

phase reversal sequence follows, only partly illustrated in 65 This limitation is due to the short retrain timer time set by 

FIG. 4, supporting line probing and ranging operations. the manufacturer of the type A modem. However, utilization 

Phase 2 concludes with transmission of the INFO, signal by of the type information beneficially allows the local modem 
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to correct for this characteristic of the type A modem without 
having to resort to the use of normal length DIL sequences 
for all remote modem types which would unnecessarily 
result in potential performance limitations for other modem 
types. According to the present invention, other modem 5 
types than type A may continue to utilize longer DIL 
sequences to support full power boosts in a high power 
mode. This may result in higher data rates for the user on the 
communication session. 

If the remote modem is a type B modem (block 510), a 10 
Total Harmonic Distortion (THD) threshold for falling back 
to V.34 communications is set based on the type of the 
remote modem (block 520). More particularly, as described 
previously, a type B modem only supports up to 2 look ahead 
for spectrum shaping which may not be enough to avoid 15 
significant nonlinear distortions at low frequencies. 
Accordingly, a different threshold is set for falling back to 
V.34 in phase 2 startup procedures of a V.90 modem based 
on the modem type of the remote modem. Modems which do 
support 3 look ahead may beneficially utilize a higher THD 20 
threshold for falling back to V.34 during phase 2 startup 
procedures. Accordingly, the local modem may be able to 
achieve V.90 connections successfully on lines with rela- 
tively high THD when connecting to modems supporting 3 
look ahead for downstream PAM spectrum shaping which 25 
typically better handles the nonlinear distortions at low 
frequencies. On the other hand, when the local modem is 
connected to server modem types which do not support 3 
look ahead, the information on the modem type is used to 
initiate setting a lower THD threshold to insure that the local 30 
modem should be able to make reliable V.34 connections. 

If the remote modem is a type C modem (block 512), the 
communication configuration is adjusted by excluding 
selected constellation points from the associated set of 
constellation points provided by the protocol used for the 55 
communication session (such as V.90 protocol) (block 525). 
This adaptation is provided as type C modems modify one 
or more of the constellation points pursuant to modification 
rules which do not follow the protocol of the communication 

40 

session. 

To explain further, the V.90 standard provides the client 
(local) modem exclusive rights as to what constellation 
points it chooses to use by letting the client modem analyze 
the DIL sequence it requests to be sent from the server 45 
modem and choose the optimum constellation points it 
prefers by setting the constellation masks in CP sequences 
which will in turn be transmitted to the server modem in 
phase 4 startup procedures. The server modem is then 
expected to send the constellation the client modem 5Q 
requested in constellation masks in CP sequence without any 
modifications. Type C modems, however, have been found 
to exclude some of the constellation points for certain digital 
PADs. If the clienl modem is unaware of this unique 
characteristic of the server (remote) modem for type C 55 
modems, it may result in significant error events and unre- 
liable connections. 

A particular example of exclusion pursuant to the present 
invention in the context of a V.90 protocol modem session 
is as follows. After identification of a type C modem as the 60 
server modem and following DIL learning, an excluding 
function is performed on the learned DIL levels by the 
following rules: 

1. If the detected digital PAD is within about 2.78 dB to 
3.5 dB (and more preferably between about 2.78 dB 65 
and 3.44 dB), exclude operations exclude Ucode 86 and 
Ucode 102. 
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2. If the detected digital PAD is between about 6.00 dB 
and about 6.02 dB, 

Ucode 95 is excluded. 

3. Otherwise, no constellation points are excluded. 

In a preferred embodiment of the present invention the 
exclusion operation is performed by setting the learned 
levels corresponding to the excluded Ucodes in all the 6 
intervals specified in the V.90 protocol to be about 0 (and 
preferably 0) in the learned DIL sequence. The subsequent 
constellation generation operations will then be expected to 
exclude the use of these points based on seeing that the 
learned levels are 0. Accordingly, knowledge of the remote 
(server) modem type allows the local (client) modem to 
make decisions about whether or not exclusion of particular 
constellation points should be performed. Error events and 
unreliable connections may thereby be avoided while not 
requiring the exclusion unnecessarily of such points for 
other modem types which may, in turn, allow such other 
modem types to achieve higher data rates or lower error rates 
through the use of a broader range of constellation points by 
the constellation generation algorithms of the modems. 

Finally, if the remote modem is a type D modem (block 
512), an adaptation step size for use in equalizer conver- 
gence operations is selected based on the type of the remote 
modem (block 530). This communication configuration 
option is provided as type D modems, as described above, 
provide a curve fitting error at a specified symbol rate that 
corresponds to a length of a local loop supporting the 
communication session. 

Accordingly, the present invention allows for the use of 
the different design points for line probing sequence char- 
acteristics of different modem types to achieve improved 
receiver performance. More particularly, a type D modem, 
such as the V.90 modem from US Robotics Corporation, 
includes a line probing signal which is designed so that the 
curve fitting error at a 3429 symbol rate contains informa- 
tion about the length of the local loop. More particularly, the 
curve fitting error at the 3429 symbol rate gets higher with 
greater local loop length. Such information is not necessarily 
readily available from other modem types. Accordingly, to 
optimize the equalizer convergence knowing that the remote 
modem is a type D modem, the local modem may select use 
of a different adaptation step size. For example, if the curve 
fitting error at the 3429 symbol rate level is below a 
predetermined threshold (indicating that the local loop is 
relatively short) a different, preferably larger, adaptation step 
is chosen to facilitate optimization for shorter local loops. 
For longer local loops or if the server (remote) modem is not 
identified as a type D modem, the normal adaptation step 
size is provided to support reliable equalizer convergence. 
More optimized equalizer convergence for connections with 
type D modems may, in turn, result in a better Signal to 
Noise Ratio (SNR) and/or a higher connection speed and/or 
a lower error rate for the particular communication session. 

After adjusting the communication configuration as 
described above with reference to blocks 510-530, opera- 
tions move to block 535. As indicated at block 535, the 
modem establishes and operates the respective communica- 
tion session utilizing the communication configuration pre- 
viously established. It is to be understood that, while opera- 
tions in reference to FIG. 5 have been presented primarily 
with reference to a client modem as the local modem, the 
present invention may similarly be provided for use in 
controlling communication configuration and identification 
of a remote modem type by a server modem. 

The present invention has been described above with 
reference to the block diagram illustration of FIG. 3. and the 
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flowchart illustration of FIG. 5. It will be understood that 
each block of the flowchart illustrations and/or block 
diagrams, and combinations of blocks in the flowchart 
illustrations and/or block diagrams, can be implemented by 
computer program instructions. These program instructions 5 
may be provided to a processor to produce a machine, such 
that the instructions which execute on the processor create 
means for implementing the functions specified in the flow- 
chart or block diagram block or blocks. The computer 
program instructions may be executed by a processor to 1Q 
cause a series of operational steps to be performed by the 
processor to produce a computer implemented process such 
that the instructions which execute on the processor provide 
steps for implementing the functions specified in the flow- 
chart or block diagram block or blocks. 

Accordingly, blocks of the block diagrams and/or flow- 15 
chart illustrations support combinations of means for per- 
forming the specified functions, combinations of steps for 
performing the specified functions and program instruction 
means for performing the specified functions. It will also be 
understood that each block of the block diagrams and/or 20 
flowchart illustrations, and combinations of blocks in the 
block diagrams and/or flowchart illustrations, can be imple- 
mented by special purpose hardware-based systems which 
perform the specified functions or steps, or combinations of 
special purpose hardware and computer instructions. 2 5 

It should also be noted that, in some alternative 
implementations, the functions noted in the blocks may 
occur out of the order noted in the figures. For example, two 
blocks shown in succession may in fact be executed sub- 
stantially concurrently or the blocks may sometimes be 30 
executed in the reverse order, depending upon the function- 
ality involved. 

While the present invention has been illustrated and 
described in detail in the drawings and foregoing 
description, it is understood that the embodiments shown are 35 
merely exemplary. Moreover, it is understood that many 
variations and modifications can be made to the embodi- 
ments described herein above without substantially depart- 
ing from the principles of the present invention. All such 
variations and modifications are intended to be included 40 
herein within the scope of the present invention, as set forth 
in the following claims. 

We claim: 

1. A method for detecting at a local modem whether a 
remote modem is a first type of modem, the first type of 45 
modem having a unique associated modem type data and the 
local modem and the remote modem are each either a V.34 
modem or a V.90 modem, comprising the steps of: 

demodulating a received phase 2 start-up signal from the 
remote modem to provide data associated with the 50 
received signal; and 

comparing the data associated with the received signal 
with the unique associated modem type data to deter- 
mine whether the remote modem is a first type of 
modem. 55 

2. The method of claim 1 wherein the received signal is 
a fill bit field of INFC^ and wherein the demodulating step 
further comprises the step of providing a number of fill bits 
associated with the fill bit field as the data associated with 
the received signal. 60 

3. The method of claim 2 wherein the comparing step 
further comprises the step of determining that the remote 
modem is a first type of modem based on the number of fill 
bits associated with the fill bit field. 

4. The method of claim 3 wherein the fill bit field precedes 65 
a frame synchronization field of INFC^ and the number of 
fill bits is thirteen. 



5. The method of claim 2 wherein the determining step is 
followed by the step of adjusting a communication configu- 
ration for a communication session with the remote V90 
modem when the remote modem is a first type modem. 

6. The method of claim 4, wherein the adjusting step 
comprises the step of disabling use of longer than normal 
duration Digital Impairment Learning (DIL) sequences for 
high power mode when the remote modem is a first type of 
modem. 

7. A method for adjusting a communication configuration 
for a communication session based on a protocol having an 
associated set of constellation points with a remote modem 
based on a type of the remote modem comprising at least one 
of the following steps: 

setting a Total Harmonic Distortion (THD) threshold for 
falling back to V.34 communications based on a type of 
the remote modem when the remote modem is a type of 
modem which only Supports up to 2 look ahead for 
spectrum shaping; 

excluding selected constellation points of the associated 
set of constellation points when the remote modem is a 
type of modem which modifies at least one of the 
selected constellation points in a manner not specified 
by the protocol; 

disabling use of longer than normal duration Digital 
Impairment Learning (DIL) sequences for high power 
mode when the remote modem is a type of modem 
which has an associated retrain timer period shorter 
than a timer period specified by the protocol; and 

selecting an adaptation step size for use in equalizer 
convergence operations based on a type of the remote 
modem when the remote modem is a type of modem 
which provides a curve fitting error at a specified 
symbol rate that corresponds to a length of a local loop 
supporting the communication session. 

8. The method of claim 7 wherein the protocol is V.90. 

9. The method of claim 8 wherein the setting a THD 
threshold step comprises the step of setting a lower THD 
threshold when the remote modem is a type of modem which 
only supports up to 2 look ahead for spectrum shaping. 

10. The method of claim 8 wherein the excluding step 
further comprises the step of excluding selected constella- 
tion points based on a detected digital pad. 

11. The method of claim 10 wherein the excluding step 
comprises the steps of: 

excluding Ucode 86 and Ucode 102 constellation points if 
the detected digital pad is between about 2.7 dB and 
about 3.5 dB; and 

excluding Ucode 95 constellation points if the detected 
digital pad is between about 6.00 dB and about 6.02 dB. 

12. The method of claim 10 wherein the excluding step 
further comprises the step of setting learned levels associ- 
ated with the excluded selected constellation points to about 
zero in a learned DIL sequence. 

13. The method of claim 8 wherein the specified symbol 
rate is 3429 and wherein the selecting step further comprises 
the step of selecting a larger adaptation step size if the curve 
fitting error is below a predetermined threshold criterion. 

14. A system for detecting at a local modem whether a 
remote modem is a first type of modem, the first type of 
modem having a unique associated modem type data, and 
the local modem and the remote modem are each either a 
V.34 modem or a V.90 modem comprising: 

means for demodulating a received phase 2 start-up signal 
from the remote modem to provide data associated with 
the received signal; and 
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means for comparing the data associated with the received 
signal with the unique associated modem type data to 
determine whether the remote modem is a first type of 
modem. 

15. The system of clam 13, wherein the received signal is 5 
a fill bit field of INFOj and wherein the means for demodu- 
lating further comprises means for providing a number of fill 
bits associated with the fill bit field as the data associated 
with the received signal. 

16. The system of claim 15 wherein the means for 1Q 
comparing further comprises means for determining that the 
remote modem is a first type of modem based on the number 

of fill bits associated with the fill bit field. 

17. The system of claim 16 wherein the fill bit field 
precedes a frame synchronization field of INFOj and the 
number of fill bits is thirteen. 

18. The system of claim 15 further comprising means for 
adjusting a communication configuration for a communica- 
tion session with the remote V.90 modem when the remote 
modem is a first type of modem, 

19. The system of claim 18 wherein the means for 
adjusting comprises means for disabling use of longer than 
normal duration Digital Impairment Learning (DIL) 
sequences for high power mode when the remote modem is 
a first type modem. 

20. A system for adjusting a communication configuration 
for a communication session based on a protocol having an 
associated set of constellation points with a remote modem 
based on a type of the remote modem comprising at least one 
of the following: 

30 

means for setting a Total Harmonic Distortion (THD) 
threshold for falling back to V.34 communications 
based on a type of the remote modem when the remote 
modem is a type of modem which only supports up to 
2 look ahead for spectrum shaping; 35 

means for excluding selected constellation points of the 
associated set of constellation points when the remote 
modem is a type of modem which modifies at least one 
of the selected constellation points in a manner not 
specified by the protocol; 40 

means for disabling use of longer than normal duration 
Digital Impairment Learning (DIL) sequences for high 
power mode when the remote modem is a type of 
modem which has an associated retrain timer period 
shorter than a timer period specified by the protocol; 45 
and 

means for selecting an adaptation step size for use in 
equalizer convergence operations based on a type of the 
remote modem when the remote modem is a type of 
modem which provides a curve fitting error at a speci- 50 
fied symbol rate that corresponds to a length of a local 
loop supporting the communication session. 

21. The system of claim 20 wherein the protocol is V.90. 

22. The system of claim 21 wherein the means for setting 

a THD threshold comprises means for setting a lower THD 55 
threshold when the remote modem is a type of modem which 
only supports up to 2 look ahead for spectrum shaping. 

23. The system of claim 21 wherein the means for 
excluding further comprises means for excluding selected 
constellation points based on a detected digital pad. 60 

24. The system of claim 23 wherein the means for 
excluding comprises: 

means for excluding Ucode 86 and Ucode 102 constel- 
lation points if the detected digital pad is between about 
2.7 dB and about 3.5 dB; and means for excluding 65 
Ucode 95 constellation points if the detected digital pad 
is between about 6.00 dB and about 6.02 dB. 
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25. The system of claim 23 wherein the means for 
excluding further comprises means lot setting learned levels 
associated with the excluded selected constellation points to 
about zero in a learned DIL sequence. 

26. The system of claim 21 wherein the specified symbol 
rate is 3429 and wherein the means for selecting further 
comprises means for selecting a larger adaptation step size 
if the curve fitting error is below a predetermined threshold 
criterion. 

27. A computer program product for detecting at a local 
modem whether a remote modem is a first type of modem, 
the first type of modem having a unique associated modem 
type data and the local modem and the remote modem are 
each either a V.34 modem or a V.90 modem, comprising: 

a computer readable storage medium having computer 
readable program code means embodied therein, the 
computer readable code means comprising: 

computer readable code that demodulates a received 
phase 2 start-up signal from the remote modem to 
provide data associated with the received signal; and 

computer readable code that compares the data associated 
with the received signal with the unique associated 
modem type data to determine whether the remote 
modem is a first type of modem. 

28. The computer program product of claim 25, wherein 
the received signal is a fill bit field of INFO! and wherein the 
computer readable code that demodulates farther comprises 
computer readable code that provides a number of fill bits 
associated with the fill bit field as the data associated with 
the received signal. 

29. The computer program product of claim 28 wherein 
the computer readable code that compares further comprises 
computer readable code that determines that the remote 
modem is a first type of modem based on the number of fill 
bits associated with the fill bit field. 

30. The computer program product of claim 29 wherein 
the fill bit field precedes a frame synchronization field of 
INFOj and the number of fill bits is thirteen. 

31. The computer program product of claim 28 further 
comprising computer readable code that adjusts a commu- 
nication configuration for a communication session with the 
remote V.90 modem when the remote modem is a first type 
of modem. 

32. The computer program product of claim 31 wherein 
the computer readable code that adjusts comprises computer 
readable code that disables use of longer than normal 
duration Digital Impairment Learning (DIL) sequences for 
high power mode when the remote modem is a first type 
modem. 

33. A computer program product for adjusting a commu- 
nication configuration for a communication session based on 
a protocol having an associated set of constellation points 
with a remote modem based on a type of the remote modem 
comprising at least one of the following: 

a computer readable storage medium having computer 
readable program code means embodied therein, the 
computer readable code means comprising: 

computer readable code that sets a Total Harmonic Dis- 
tortion (THD) threshold for falling back to V.34 com- 
munications based on a type of the remote modems 
when the remote modem is a type of modem which 
only supports up to 2 look ahead for spectrum shaping; 

computer readable code that excludes selected constella- 
tion points of the associated set of constellation points 
when the remote modem is a type of modem which 
modifies at least one of the selected constellation points 
in a manner not specified by the protocol; 
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computer readable code that disables use of longer than 
normal duration Digital Impairment Learning (DIL) 
sequences for high power mode when the remote 
modem is a type of modem which has an associated 
retrain timer period shorter than a timer period speci- 
fied by the protocol; and 

computer readable code that selects an adaptation step 
size for use in equalizer convergence operations based 
on a type of the remote modem when the remote 
modem is a type of modem which provides a curve 
fitting error at a specified symbol rate that corresponds 
to a length of a local loop supporting the communica- 
tion session. 

34. The computer program product of claim 33 wherein 
the protocol is V.90. 

35. The computer program product of claim 34 wherein 
the computer readable code that sets a THD threshold 
comprises computer readable code that sets a lower THD 
threshold when the remote modem is a type of modem which 
only supports up to 2 look ahead for spectrum shaping. 

36. The computer program product of claim 34 wherein 
the computer readable code that excludes further comprises 
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computer readable code that excludes selected constellation 
points based on a detected digital pad. 

37. The computer program product of claim 36 wherein 
the computer readable code that excludes comprises: 

computer readable code that excludes Ucode 86 and 
Ucode 102 constellation points if the detected digital 
pad is between about 2.7 dB and about 3.5 dB; and 

computer readable code that excludes Ucode 95 constel- 
lation points if the detected digital pad is between about 
6.00 dB and about 6.02 dB. 

38. The computer program product of claim 36 wherein 
the computer readable code that excludes further comprises 
computer readable code that sets learned levels associated 
with the excluded selected constellation points to about zero 
in a learned DIL sequence. 

39. The computer program product of claim 34 wherein 
the specified symbol rate is 3429 and wherein the computer 
readable code that selects further comprises computer read- 
able code that selects a larger adaptation step size if the 
curve fitting error is below a predetermined threshold cri- 
terion. 
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